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Specification 

1. Title of the Invention 

THIN FILM TRANSISTOR 

2 . Scope of Patent Claims 

(1) A thin film transistor, characterized in that a gate 
insulating film between an active layer forming a channel and 
a gate electrode on an insulating substrate is a film formed 
by annealing an Si0 2 film, which is manufactured by a deposition 
method, in an oxygen atmosphere containing halogen atoms. 

3. Detailed Description of the Invention 
Industrial Field of Application 

The present invention relates to a thin film transistor, 
and more specifically to a thin film transistor in which a gate 
insulating film between an active layer and a gate electrode 
is a film formed by annealing an Si0 2 film, which is manufactured 
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by a deposition method, in an oxygen atmosphere containing 
halogen atoms . 

The invention is applicable to a sensor drive circuit 
portion of a facsimile transmission side apparatus which 
utilizes photoconductivity of an amorphous silicon hydride 
thin film or to liquid crystal drive and drive circuit portions 
of a liquid crystal display apparatus of an active matrix type . 
Prior Art 

Presently, reduction in weight, thickness and size of 
office automation (OA) equipment is making rapid progress. 
For example, miniaturization of an image reading apparatus, 
which is important as a transmission side apparatus of a 
facsimile, has made progress by combination of a reduction 
optical system and a charge coupled device (CCD) using 
monocrystal Si. Then, recently, a nonmagnif ication sensor, 
which does not require this reduction optical system, has been 
mainly used. Amorphous silicon hydride (a-Si:H) or the like 
is used for a photoconductive layer of a sensor array of this 
nonmagnif ication sensor, and the photoconductive sensor is 
formed on an insulating substrate. Further, as a method of 
packaging a circuit for reading a signal from a sensor array, 
there are a method of using an external large scale integration 
circuit and a method of incorporating a thin film transistor 
(TFT) on a substrate identical with that of the sensor array. 
Taking into account the point of miniaturization of a device. 
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the latter is by far the more advantageous than the former. 
As a material of an active layer on which a channel of the TFT 
is formed, amorphous silicon hydride (a-Si:H) or polysilicon 
(poly-Si) is used. In the case in which a high switching speed 
is required, poly-Si having larger carrier mobility than a-Si:H 
is used. 

As another example, the same is true for a liquid crystal 
display. That is, compared with the case in which a passive 
matrix display is operated by the external LSI , an active matrix 
display incorporated with the TFT has by far the smaller device 
size and a better display quality if a screen size is the same. 

An example of a conventional TFT is shown in Fig. 1. This 
TFT is formed by, after forming an active layer 5, a gate 
insulating film 4, a gate electrode 6, a source 2, and a drain 
3 on an insulating substrate 1, depositing an interlayer 
insulating film 7, and then, after opening contact holes 8 in 
the interlayer insulating film 7, manufacturing metal 
electrode wiring 8. Here, the gate insulating film 4 is 
manufactured by a process as described in a) and b) below. 

a) Dry oxidation by 3%HCl/97%0 2 at 1100°C 

b) Pyrogenic oxidation by H 2 /0 2 at 950°C 

In the case in which a thermal oxide film is used as the 
gate insulating film, it is low in an interface level density 
of Si-Si0 2 and has most excellent characteristics at present. 
However, since temperature for manufacturing the thermal oxide 
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film is as high as 9 50°C or more, there are problems in that 
types of the insulating substrate which can be used are limited, 
and impurities existing in the substrate or the atmosphere are 
automatically doped in the active layer. 

As a method of improving such drawbacks , there are the 
following methods . 

(1) High-pressure oxidation 

Manufacturing an oxide film at a low temperature in an 
oxygen atmosphere in a high-pressure container. 

(2) Anodic oxidation 

Manufacturing an oxide film utilizing an anodic 
oxidation reaction in an electrolytic solution such as HN0 3 
or H3PO4. 

(3) Deposited oxide film 

Depositing an oxide film at a low temperature according 
to a chemical evaporation method or a physical evaporation 
method. 

In the methods of (1) and (2), the oxidation reaction 
of an active layer takes place at a low temperature, and in 
the method of ( 3 ) , an oxide film is deposited on an active layer 
at a low temperature. However, such methods have drawbacks 
as described below. 

In the method of (1), a high-pressure container is 
required, an apparatus is expensive, and production efficiency 
is low. 
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In the methods of ( 2 ) and ( 3 ) , there is a problem in that 
a quality of an oxide film is low, and an interface level density 
between an active layer and an oxide film is high. 
Object 

It is an object of the invention to provide a thin film 
transistor overcoming the conventional drawbacks, which is a 
high quality thin film transistor in which a density of a trap 
generated on an interface between an active layer and a gate 
insulating film and in the vicinity thereof is reduced, a 
threshold voltage is stable at a low process temperature, and 
an ON /OFF current ratio is large. 
Constitution 

The inventors, as a result of concentrating their energy 
on researches in order to attain the object, have found that 
the object can be attained by providing a thin film transistor 
which is characterized in that a gate insulating film between 
an active layer forming a channel and a gate electrode on an 
insulating substrate is a film formed by annealing an Si0 2 film, 
which is manufactured by a deposition method, in an oxygen 
atmosphere containing halogen atoms . 

In other words , the thin film transistor of the invention 
is characterized in that the active layer forming a channel 
is preferably a polysilicon thin film or an amorphous silicon, 
in particular an amorphous silicon hydride thin film and the 
gate insulating film is a film formed by annealing an Si0 2 film. 
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which is formed by a deposition method, in an oxygen atmosphere 
containing halogen atoms . 

The invention will be hereinafter described more in 
detail with reference to Fig. 2 showing an embodiment of the 
invention. 

In Fig. 2, in the thin film transistor in accordance with 
the invention, an active layer 5 consisting of an a-Si:H thin 
film or a poly-Si thin film, and a gate oxide film 10, a gate 
electrode 6 , a source 2 , and a drain 3 according to the invention 
are formed on an insulating substrate 1 of quartz, pyrex, or 
the like, and an interlayer insulating film 7 is stacked on 
them. In addition, metal electrode wiring 8 is provided on 
this interlayer insulating film and on contact holes formed 
in the interlayer insulating film. As a structure of a device, 
there is no difference from the conventional example. 

Here, the gate oxide film obtained by annealing the Si0 2 
film, which is formed by the deposition method, in the oxygen 
atmosphere containing halogen atoms in the invention will be 
described. As a method of manufacturing a deposited oxide film, 
there are a plasma CVD method, a low pressure CVD method, a 
sputtering method, and the like. In all the methods, Si0 2 is 
deposited on a sufficiently cleaned active layer. However, 
due to a reason such as a low substrate temperature, a very 
large quantity of charges are generated on an interface between 
the active layer and the Si0 2 film and in the vicinity thereof. 
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In order to reduce the charges, it is very effective to anneal 
the Si0 2 film in the oxygen atmosphere containing halogen atoms 
at an appropriate temperature. 

With this method, it is possible to manufacture an 
excellent gate insulating film with fewer charges existing on 
an interface between an active layer and a gate oxide film and 
in the vicinity thereof at a low temperature. 

Here, as appropriate conditions for annealing, 
temperature is 800 to 900 °C, annealing time is one to ten hours , 
the oxygen atmosphere containing halogen atoms is 1 to 10% 
halogen gas/0 2 , and a pressure is generally 1 atm. 

The representative example of manufacturing for the thin 
film transistor of the invention has been described. In order 
to prevent impurities contained in the insulating substrate 
1 from diffusing toward the active layer 5, a two-layer 
insulating film consisting of a PSG film and an Si0 2 film may 
be provided between the active layer 5 and the insulating 
substrate 1. 

In addition, in order to prevent step-cut of the metal 
electrode wiring 8 and current leak between the metal electrode 
wiring and the source 2 or the drain 3, the interlayer 
insulating film 7 may have a two-layer structure of an Si0 2 
film or a PSG film formed by a low temperature CVD method and 
an Si0 2 film formed by a high temperature CVD method. 

Next, an example of manufacturing of the TFT of the 
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invention will be described with reference to Fig. 3. 
Example 1 

(1) After sufficiently cleaning a transparent quartz glass 1 
with a surface thereof grinded sufficiently, a poly-Si film 
11 to be an active layer is deposited with a thickness of about 
1700 A at 630°C by the low pressure CVD method. 

(2) Patterning the poly-Si film (see Fig. 3(a)). 

(3) Depositing a low temperature oxide film 17 with a thickness 
of 1200 A by the low pressure CVD method (see Fig. 3(b)). 

Film forming conditions are as described below. 
Substrate temperature 4 30°C 
SiH 4 flow rate 80 SCCM 

0 2 flow rate 200 SCCM 

Pressure 0.2 Torr 

(4) Annealing the deposited oxide film 17, which is formed in 
(3), for about two hours in an oxygen atmosphere containing 
halogen atoms . 

Annealing conditions are as described below. 
Substrate temperature 8 50°C 
5%HCL/95%0 2 flow rate 5 1/min 
Pressure Atmospheric pressure 

(5) Depositing the poly-Si gate electrode 6 with a thickness 
of about 5000 A. 

(6) Patterning the poly- Si gate electrode 6 and the annealed 
deposited oxide film 10 (see Fig. 3(c)). 
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(7) Next, in order to form the source region 2 and the drain 
region 3 in the poly-Si semiconductor layer 11, in the case 
of a p-channel transistor, doping impurities such as B with 
thermal diffusion or ion implantation, and in the case of an 
n-channel transistor, doping P, As, Sb # or the like to obtain 
the semiconductor layer 11 with a structure consisting of the 
source region 2, the drain region 3, and the active region 5 
(see Fig. 3(d) ) . 

(8) Depositing the PSG film 7 by the low pressure CVD method 
with a thickness of 1 (jm to form an interlayer insulating film 
(see Fig. 3(e)). 

(9) Opening the contact holes 16 to extract the Al electrode 
wiring 8 from the source and the drain (see Fig. 3(f)). 

Performance characteristics of a p-channel or n-channel 
TFT manufactured by the above-mentioned process was in not way 
inferior to one in which a gate oxide film was manufactured 
by a conventional thermal oxidation process. In addition, 
when these TFTs were subjected to a B.T. stress test, a shift 
of a threshold voltage and a change in ON current /OFF current 
were not observed at all. Moreover, when CMOS was manufactured 
with the TFT according to the invention to form a shift register, 
no change was observed in a maximum drive frequency thereof 
before and after the B.T. stress test. 
Example 2 

In the process (3) of the example 1, a high temperature 
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oxide film was manufactured by the low pressure CVD method as 
a deposited oxide film. Manufacturing conditions are as 
described below. 

Substrate temperature 850 °C 

SiH 4 flow rate 30 SCCM 

N 2 0 flow rate 1000 SCCM 

N 2 flow rate 150 SCCM 

Pressure 0.2 Torr 

When a p-channel or n-channel TFT manufactured in this 
way and CMOS were subjected to the same performance test as 
in the example 1, the same favorable result as the example 1 
was obtained. 

Moreover, when an a-Si-H sensor was integrally formed 
and incorporated on the same substrate as the CMOS TFT 
manufactured in the example 1 or the example 2 to manufacture 
a line sensor of the A4 size, time required for reading one 
original of the A4 size was 1 sec or less, and a quality of 
the read original was extremely high. 
Effects 

As described above, according to the invention, since 
a film formed by annealing an Si0 2 film, which is formed by 
the deposition method, in an oxygen atmosphere containing 
halogen atoms is used as a gate oxide film, there are effects 
that it is possible to reduce charges generated on an interface 
between an active layer and a gate insulating film and in the 
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vicinity thereof even in a low temperature process, and an 
excellent thin film transistor, in which transistor 
performance characteristics such as a threshold voltage, an 
ON current /OFF current ratio, and the like are always stable, 
can be manufactured easily. 
4. Brief Description of the Drawings 

Fig. 1 is an explanatory diagram showing an example of 
a conventional TFT. 

Fig. 2 is an explanatory diagram showing an embodiment 
of a TFT in accordance with the invention . 

Fig. 3 is a manufacture process diagram of the TFT in 
accordance with the invention. 

1 ... Insulating substrate 

2 ... Source 

3 ... Drain 

4 ... Gate insulating film 

5 ... Active layer 

6 ... Gate electrode 

7 ... Interlayer insulating film 

8 ... Metal electrode wiring 

10 ... Gate oxide film according to the invention 

11 ... poly- Si semiconductor layer 

16 ... Contact holes 

17 ... Deposited oxide film 
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